Deltaic coastal areas are constituted by a patchwork of brackish lagoons and freshwater bodies; these coastal wetland-aquifer systems are fragile ecosystems that usually respond quickly to climate changes. To understand the hydrological processes occurring within the lagoons and the groundwater system of the Po River Delta (Italy), the contribution of both evaporation and anthropogenic factors on groundwater salinization was assessed. A time series (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) of monthly average climatic data and a temperature-salinity dataset were used in three adjacent salinebrackish lagoons with the aim to identify the actual evaporation patterns and predict future trends using artificial neural networks (ANN). Moreover, the use of groundwater and surface water equivalent freshwater heads, along with the geological architecture, allowed linking the fluctuation of lagoon salinities with the degree of hydraulic connection between wetland and aquifer system.
INTRODUCTION
Coastal lagoons are usually partially connected to oceans and seas; consequently, they can be brackish, saline or hypersaline depending on their geographical location (Newton & Mudge ; Webster ) . Coastal lagoons may be bounded by barrier islands, or sand spits, and connected to the open sea or not, as the case of the wetlandaquifer system of the Bertuzzi lagoons and Lago delle Nazioni, southward to the actual Po River Delta (Italy).
This wetland-aquifer system is hydraulically controlled by pumping stations for land reclamation and a dense drainage network, which are the main drivers of the system (Colombani et al. a; Gaglio et al. ) . Since the lagoon systems are not directly connected to the open sea and are exploited for recreational activities (Lago delle Nazioni) and aquaculture (Bertuzzi lagoons), the salinity is not naturally driven during the year but, instead, is closely linked to man-made water input and output through the drainage network. Since accumulation of salts in wetlands can shift species-rich freshwater communities to species-poor salt tolerant communities (Nielsen & Brock ) , it is of the utmost importance to clarify the mechanisms that regulate this process in anthropized coastal lagoons.
To reach this goal, a prerequisite is knowledge of the geological architecture that allows/limits hyporheic exchanges (Kløve et al. ) , then climatic and salinity data must be recorded for at least a decade to allow an accurate description of the intra-annual variability and to forecast the short-medium term changes that will affect the system. To model the actual and future changes in salinity within a specified surface-groundwater system, highly specialized numerical models are required (Rasmussen et al. ; Green & MacQuarrie ; Colombani et al. ) . Despite this, numerical models involve a considerable amount of detailed data not always obtainable. In an attempt to overcome this issue, the literature reveals that artificial neural networks (ANN) have been fruitfully applied to model and predict water resource variables (Maier & Dandy ) and, recently, even to model and predict groundwater salinization (Banerjee et al. ) . The main benefit in using ANN is its capability to represent the nonlinear dynamics of a given modelled system without any a priori assumption concerning the processes entangled.
On the other hand, the main disadvantage in using ANN is the data overfitting, e.g., where an ANN perfectly captures the time series, but does not have enough generalization capacity to make accurate predictions due to 'noise' in the dataset.
With the recent refinement to projections of climate change, namely sea level rise (SLR), and changes in recharge and evapotranspiration patterns, the number of studies reviewing the effects of the intensified pressures on coastal groundwater systems has increased (Ferguson & Gleeson ; Werner et al. ; Re et al. ) . Direct evaporation from surface water bodies like lakes, wetlands and lagoons, will also increase due to temperature increase leading to salt accumulation (Schallenberg et al. ; Havens & Steinman ) . These projections will be further exacerbated in the Mediterranean area (Voudouris ; García-Ruiz et al. ). Moreover, predictions of Adriatic Sea level rise according to Lambeck et al. () will produce a relative SLR for the next 40 years, ranging from approximately 0.1 to 0.6 m, in the proximity of the Po River Delta.
To quantify the effects of climate variability on the shallow coastal aquifer of the city of Ferrara, the predicted changes have been used as input and boundary conditions for a series of scenarios using a complex numerical flow and transport model (Colombani & Mastrocicco ; Colombani et al. a) . Although the shallow lagoons were treated as constant boundary conditions within the aquifer scale numerical model, it would be interesting to study, at the local scale, their mutual interplay with the coastal aquifer. For this reason, in the presented work, a long-term dataset was processed with ANN to forecast the increase in salinities in coastal lagoons in the short-medium term.
The geological architecture and hydrogeological information were both employed to constrain the conceptual model. Following this approach, a robust conceptual model was established.
MATERIALS AND METHODS

Study area
The study area is situated in the coastal floodplain pertaining to the Po River, in northern Italy at a latitude of 44.78 
In this equation, E w is the evaporation discharge per unit free surface area (m/s), v 2 is the wind velocity recorded at 2 m of altitude (m/s), T w and T a are the water and air temperatures ( W C), R h is the relative humidity of the air (À).
In addition, evaporation rates were calculated using the Penman-Monteith (PM) equation ( Then, the average of these percentage errors is computed. 
RESULTS AND DISCUSSION
Salinity and temperature temporal trends Analysing the correlation coefficient (Table 1) The correlation between temperature and salinity is best explained by a derived variable, the evaporation rate, shown in Figure 
Hydrogeological conceptual model
The reason of the salinity increase in all the lagoons can be explained by drawing a conceptual model of the interaction between the surface water bodies and shallow aquifer. 
; Caschetto et al. ).
Lagoons' salinity forecast using ANN Analysing the results of Figure 5 , it can be noticed that Valle Cantone will slightly increase its salinity in the coming 15 years, but the forecasted salinity peaks will not be higher than the actual peaks. Instead, Valle Nuova will possibly experience salinity peaks higher than the actual ones. In addition, ANN well reproduced also the large salinity shifts occurring over each year. Lago delle Nazioni will also face a general salinity increase in the near future, but with a smaller range of variation during the year. The forecasted increase of salinity in Valle Cantone will not only affect the ecological status of the lagoon, but will possibly contribute to leak saline waters towards the shallow aquifer, as shown in Figure 4 . This will, in turn, be reflected in an increased seepage of saline groundwater in the nearby Lago delle Nazioni.
CONCLUSIONS
This study presented field evidences of increased salinities in coastal lagoons of the Po Delta region in Italy and the Table 3 . subsequent ANN modelling to predict short-medium term salinity changes. The presented methodology could help water managers to better understand the processes of the surface/groundwater continuum in coastal lagoonal environments, and to put in place prevention and/or mitigation measures to avoid water resources deterioration. This study highlights that accurate and long-term monitoring is needed to understand the mutual exchanges that characterize the coastal wetland-aquifer systems. In fact, the increase of salinity in surface waters could be of serious concern, especially for fish farming sensitive to sharp salinity increases, while the increase of salinity in groundwater could be detrimental for agriculture, since the upward groundwater flux could increase soil salinization. The main limitations of the applied methodology are the longterm datasets needed to perform these analyses and the need of high resolution vertical data to distinguish the salinization sources in the aquifer. The latter are extremely important to accurately define the conceptual model of the surface/groundwater continuum.
Finally, this study indicates that the shallow lagoons'
water quality could be negatively affected by climate variability due to increased evaporation rates; this key point must be explicitly taken into account when modelling future scenarios of water resources management in coastal areas.
